The present study was conducted to evaluate the sensitivity and specificity of an immunochromatography-based diagnostic kit for Salmonella. The analytical sensitivity of the test when using pure colonies of different Salmonella species was in the range of 1 ϫ 10 4 to 1 ϫ 10 5 colony-forming units per milliliter. The strip detected 19 of 22 strains of Salmonella spp. but failed to detect S. worthington, S. choleraesuis var. kunzendorf, and S. johannesburg. The strip did not detect 27 different enteric bacteria, including Escherichia coli O157:H7, Campylobacter jejuni, Shigella sonnei, and Vibrio parahaemolyticus. In direct testing of feces (n ϭ 66) from chickens infected with Salmonella typhimurium, the strip had a sensitivity of 12.3% and a specificity of 100%. Evaluation of the strip assay (n ϭ 510) after sample pre-enrichment in 2% buffered peptone water (BPW) yielded a sensitivity of 93.8% and specificity of 89% when compared to isolation and identification with xylose-lysine-tergitol 4 (XLT4) selective plating media. Subsequent enrichment in Hajna tetrathionate (TT) broth yielded a higher sensitivity (94.7%) and specificity (96.8%). The agreement (kappa) between the strip test and isolation was 0.004 in direct fecal testing, 0.82 in BPW, and 0.89 in TT broth. The assay could detect Salmonella sp. as early as 18-48 hours during pre-enrichment and enrichment compared to isolation on XLT4, which required an overnight incubation step for the presumptive isolation and identification of Salmonella.
Salmonella sp. is one of the important foodborne pathogens in humans. The Centers for Disease Control and Prevention, Atlanta, Georgia, estimates that salmonellosis affects as many as 1.4 million people each year in the United States with about 20,000 hospitalizations and 500 deaths associated with Salmonella annually. 7 The steps involved in raising and processing poultry can create many potential opportunities for contamination with Salmonella. Fecal contamination of birds can directly contribute to increased prevalence and bacterial load of processed poultry products. Since 1997, large poultry processors in the USA have been required to comply with performance standards for the amount and frequency of Salmonella in their product. Current hazard analysis and critical control point systems for poultry have stimulated the development of rapid, quantitative, and specific methods for detection of Salmonella in poultry. 11 Standard culture methodology for Salmonella commonly involves pre-enrichment, selective enrichment, or both; selective agar plating; and confirmatory biochemical and serologic tests that require 3-4 days to complete. 1, 13 To reduce the turnaround time, rapid and accurate methods for the diagnosis of Salmonella in different food products, carcass washes, feces, and environmental specimens have been developed. Some of these methods include semisolid media, impediometric techniques, enrichment enzyme-linked immunosorbent assay, fluorescent antibody techniques, immunodiffusion, DNA amplification, and hybridization tech-niques. 6 Many of these methods were designed primarily for use in food safety laboratories. An alternative method to achieve an on-site and rapid way to detect Salmonella may be the use of an immunochromatography-based strip assay kit. Similar test kits for detection of different bacterial and viral pathogens have been developed. 10, 12 The objective of the study was to evaluate a commercial immunochromatography-based strip assay as a rapid detection tool for the preharvest control of Salmonella in poultry. The immunochromatographic assay a relies upon colloidal gold-labeled anti-Salmonella sp. antibody as a visual marker for the detection of Salmonella-specific antigens in a test suspension. During the assay, the test suspension comes into contact with an absorbent pad coated with dried extraction buffer to release antigen from the intact Salmonella. The antigens then bind to conjugated anti-Salmonella sp. antibody-colloidal gold, located in an adjacent absorbent pad. This antigen-antibody complex then migrates up the nitrocellulose strip to be captured by an immobilized line of anti-Salmonella antibody. If antigen is present in the sample, a positive test result will be seen as a red band along the test line consisting of specific antigen-antibody complex bound by the immobilized anti-Salmonella sp. antibody at the test line. The absence of this band on the test line indicates a negative assay result and is interpreted as the absence of the antigen or antigen concentrations below the level of the test's analytical sensitivity. Faint bands, although equivocal, were considered negative to ensure high specificity in this study. A control line (anti-goat immunoglobulin G) is located above the test line and is used to demonstrate proper sample migration, capillary flow, and reagent function. 1 Pure cultures of 22 known Salmonella species and 27 other non-Salmonella bacteria were used to evaluate test sensitivity and specificity. All bacterial cultures were grown in trypticase soy broth for 24 hours at 37 C to obtain approx- To test the analytical sensitivity, serial 10-fold dilutions of 9 different species of Salmonella were incubated in 2% buffered peptone water (BPW) and evaluated with the strip assay in comparison to isolation on xylose-lysine-tergitol 4 (XLT4) agar. b For each sample to be assayed, 250 l were transferred into a test tube or into a well of a 96-well microtiter plate. The test strip was placed absorbent pad end down into the specimen allowing at least 5 minutes for adequate absorption and migration of the liquid along the strip. The strip was then examined for the presence of a red line within the test area line indicating a positive test result. A weak line of reactivity in the test region of the strip was interpreted as negative ( Fig. 1 ). Fecal samples from chickens experimentally infected with Salmonella typhimurium and uninoculated controls were tested for Salmonella by both strip assay and XLT4 agar plating. Fecal samples (n ϭ 66) were tested directly as a fecal slurry by the strip assay. These samples along with 510 additional samples were also evaluated by the strip assay after pre-enrichment in BPW and after selective enrichment in Hajna tetrathionate (TT) broth. Approximately 25 l of these pre-enriched and enriched samples were streaked on XLT4 media for isolation of Salmonella spp. The results of direct testing on fresh feces and assays on enriched samples in BPW and TT broth were compared with Salmonella isolation rates with XLT4 agar plates. Contingency tables were done for the results from nonenriched, pre-enriched, and selectively enriched samples to compare the strip assay with isolation by XLT4 agar, which served as the gold standard. Sensitivity was defined as the probability of a positive result if a sample was truly positive. Specificity was the probability of a negative result if a sample was truly negative. The level of agreement between the strip assay and selective agar plating was evaluated and expressed as a kappa () value, defined as the proportion of potential agreement beyond chance exhibited by 2 or more tests. By convention, values of 0.0-0.2 ϭ slight, 0.2-0.4 ϭ fair, 0.4-0.6 ϭ moderate, 0.6-0.8 ϭ substantial, and 0.8-1.0 ϭ almost perfect agreement between tests. 9 The assay detected 19 of the 22 known Salmonella spp. tested. However, the assay failed to detect S. johannesburg, Analytical sensitivity of the test strip was observed to be in the range of 1 ϫ 10 4 to 1 ϫ 10 5 CFU/ml when using different species and microbial concentrations of Salmonella ( Table 2 ). The strip showed the same level of sensitivity when tested on pre-enriched chicken droppings. The strip assay was frequently unable (12.3% sensitivity) to detect Salmonella when tested directly in culture-positive fresh and frozen fecal samples from infected chickens. The samples apparently did not contain sufficient concentrations of Salmonella antigen to achieve detection. Very low frequency of test positives from culture-positive fecal samples led to the cessation of direct fecal testing. The test was subsequently only performed on pre-enriched and selectively enriched fecal samples. After pre-enrichment in BPW, the sensitivity increased to 93.8%. Selective enrichment of the pre-enriched samples further increased the sensitivity (94.7%). Selective enrichment in TT broth is known to suppress coliforms, which may have enabled Salmonella to multiply further, resulting in the increased test sensitivity. 1, 13 Specificity in direct fecal testing was absolute (100%) because of the absence of false positives (Table 3 ). Selective enrichment in TT resulted in higher test specificity (96.8%) compared to testing pre-enriched samples in 2% BPW (89%). This may be due to the reduction of non-Salmonella bacteria that may have created false positives as a result of high bacterial protein concentrations in the BPW. Overall agreement beyond chance () between the strip test and selective agar plating increased accordingly with test sensitivity and specificity from slight agreement in direct fecal testing (0.004) to almost perfect agreement after pre-enrichment (0.82). Further increase in agreement was seen with selective enrichment (0.89). This is due to relatively fewer false negatives and false positives with each phase of enrichment.
Test sensitivity (94.7%) and specificity (96.8%) after selective enrichment in TT broth compared favorably with a similar Salmonella assay's overall sensitivity and specificity of 97.7% and 67.9%. 2 The sensitivity and specificity also were determined after an initial pre-enrichment and a subsequent selective enrichment step for food products in an inhouse evaluation. 2 However, independent laboratories have reported lower sensitivity (94.7%) and specificity (47%) for this test. In another study, lower sensitivity (70-71%) and specificity (53-78%) were reported when testing drag swab chicken litter samples. 8 This assay had an analytical sensitivity for S. typhimurium at 2.3 ϫ 10 5 CFU/ml and for S. enteritidis at 1.7 ϫ 10 5 CFU/ml. 2 This detection limit is comparable to the analytical sensitivity of the test strip a used in the present study for S. typhimurium and S. enteritidis at 1.5 ϫ 10 5 CFU/ml and 9.0 ϫ 10 4 CFU/ml, respectively ( Table  2 ).
The strip assay may also be helpful in detecting Salmonella colonies that would have otherwise been missed because of overgrowth of competitive microorganisms on many common agar media used for Salmonella isolation. Positive identification of presumptive Salmonella colonies in XLT4 media is dependent upon the production of H 2 S by the individual organisms to produce a characteristic jet-black color by 24-48 hours. 1, 5 Only well-separated, high to mod-erate H 2 S-producing Salmonella colonies will appear jet black on XLT4 in many instances. In more than 10 cases, the strip was able to identify Salmonella colonies overgrown with coliforms on the XLT4 agar plate that otherwise would have been missed because of the absence of a discrete, black colony. Improved detection of these phenotypes of Salmonella has been shown by using new media such as Miller-Mallinson media. 5 Improved sensitivity of the strip test was further shown by the detection of 2 lactose-fermenting Salmonella spp., in addition to detecting the several weak H 2 Sproducing Salmonella described earlier. Such Salmonella species with atypical H 2 S production characteristics have been reported to represent 15% of recent poultry isolates. 13 The use of the strip as an adjunct to selective agar plating can shorten postenrichment reporting time of a positive by 24-48 hours. In some cases, positive results have been seen as early as 6 hours of incubation of feces in enrichment broth from Salmonella-infected birds. A positive strip result may obviate the need for plating the organism after selective enrichment of the known positive fecal specimens, saving time and labor. The absence of cross-reactivity with any of the non-Salmonella bacteria tested is further evidence of the strip assay's general utility as a serological confirmation test for Salmonella.
In this study, several prevalent Salmonella spp. were evaluated, including S. heidelberg, S. enteritidis, S. mbandaka, and S. hadar. 3, 4 Epidemiologically important serogroups isolated from poultry such as S. enteritidis, S. typhimurium, and S. typhimurium DT104 tested positive on the strip assay. However, the strip test's inability to detect 3 species of Salmonella signaled caution in relying solely on the strip assay for detecting Salmonella in samples that might contain other untested strains of Salmonella. Based on this study, the Salmonella immunochromatography strip assay may be helpful as a primary screening tool for enriched fecal samples as a possible substitute to selective agar plating.
